MAGNETIC ORDERING IN DILUTE YTb AND YEr ALLOYS
Abstract. -Dilute YEr alloys show the existence of sinusoidaily modulated antiferromagnetism down to the lowest impurity concentrations studied. Extrapolation of the Ndel temperatures for both YEr and YTb suggests a critical concentration is 0.8 % Tb, Er. Ordering in such dilute alloys may result from exchange enhancement in the yttrium host.
Following our earlier study of YTb alloys [I], we der contamination in the incident beam is removed by have investigated the magnetic phase diagram of YEr a cooled beryllium filter. The sample to detector disalloys with Er concentrations between3 % and 10 % , tance was fixed at 0.6 m, allowing a range of scattering using a combination of heat capacity measurements angle of f 3 ' to be covered for one setting of the multiand neutron diffraction. Heat capacity measurements detector. The variation in detector cell efficiency was were made on arc-melted polycrystalline samples, us-calibrated using the high level of isotropic scattering ing a modified adiabatic heating technique, described produced at low scattering angles by a perspex cylinelsewhere [Z] . Figure 1 shows the magnetic contribu-der. Overall the cell efficiencies varied by less than tion to the specific heat of four alloys, obtained by 10 % , except for a few lines of cells near the very edge subtracting the specific heat of pure Y. The data show of the detector, which were masked out in the data clearly a cooperative anomaly due to a magnetic phase processing. The samples were mounted in a variable transition superimposed on a Schottky anomaly aris-temperature cryostat which allowed measurements in ing from the repopulation of crystal field levels. A the range 1.7 K to 150 K. For the Y(6 % )Er crystal detailed analysis of these data, using a mean field ap-scans were made at a fine mesh of points along the (001) proach and the known crystal field level scheme [3] will and (101) lines in reciprocal space at a temperature of be presented in a forthcoming paper. 
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Ndel temperatures deduced from these data and the value agrees well with that deduced from our earlier measurements on YTb alloys.
Discussion and conclusion
The persistance of long range magnetic order to such low concentrations of rare earth impurity suggests that the indirect exchange between rare earth impurities in yttrium has extremely long range. Independent s u p port for this conclusion is provided by the spin wave In the RKKY model the indirect exchange J (q) is governed by the exchange j (q) between the lociised 4f moment and the conduction electrons and the susceptibility x (q) of the conduction electrons:
(2)
For these dilute alloys one would expect x (q) to be close to that for pure yttrium. Theoretical calculations of x (q) for yttrium have been carried out by Liu et al. [5] . These do indeed show a substantial peak in x (9) along the rAr direction, but the maximum occurs at q, = 0.375(21~/c), rather than 0.28(21~/c), the observed modulation wavevector. This discrepancy probably arises from the neglect of the q dependence of the matrix elements in the calculation, and from the q dependence of j (q) . The calculated x (q) would predict a value of J (Q) -J (0) for yttrium alloys which is three or four timeilarger than that for the heavy rare earth metals. The spin wave measurements indicate an even bigger ratio, of order ten. This suggests that there might be a degree of exchange enhancement of x (q) in yttrium. In this case the susceptibility would be where U(q) arises from the Coulomb interaction between the conduction electrons. Clearly if the bare susceptibility x o (q) is sharply peaked at q = Q, the greatest enhancement will occur in the vicinity of the peak:
the enhancement factor. The curvature of x (q) in the vicinity of Q is increased by a factor s2. By combining (1) and (2) it can be seen that the range of the exchange interactions in real space is enhanced by a factor S. Comparing the calculated ~o ( q ) [5] and the experimental J (q) [4] suggests a value of Sin the range 3-5. This is not as large as in Pd, for example. However it would be of interest to reexamine the bulk properties of yttrium to see if there is independent evidence of exchange enhancement. We searched for evidence of spin fluctuations in the total scattering from a single crystal of pure yttrium at 1.7 K in the vicinity of both the (0,0,2-Q) and (l,O,Q) positions. However two hour scans with the Dl6 multidetector showed no extra scattering. This is perhaps not suprising since the low energy of the incident neutrons and the low temperature of the sample would allow an integration over only a small fraction of the spin fluctuation spectrum.
Recently Sherrington and Wiethege [6] have demonstrated that exchange enhancement tends to stabilise long range periodic order at the expense of spin-glass order, thereby lowering the critical concentration separating these phases. The persistence of antiferromagnetic order to remarkably low concentrations of rare earth impurities in yttrium is strong evidence for the existence of exchange enhancement in the host metal.
